Objective The aim of this study was to systematically review the evidence that coronary heart disease risk is higher in South Asians than in comparative`white' populations, particularly seeking studies of incidence.
Introduction
Studies in several countries have investigated the pattern of coronary heart disease (CHD) in South Asians, and recent reviews have concluded that they are at increased risk.
1±6 Based on British research, which leads the ®eld internationally, there is a virtual consensus that the excess risk in South Asians, as compared with the population of England and Wales, is about 40 per cent or more. 1±6 This review systematically appraises the research evidence for this. The underpinning epidemiological principles are given in Table 1 .
Methods
Three steps ensured a comprehensive review. First, I searched my personal bibliographic databases and ®les. These include scienti®c papers and reports (grey literature) collected since 1983. Second, a MEDLINE search was carried out (by Mr Naseer Ahmed) from 1966 to December 1998, using the following key words and phrases: India or Pakistan or Bangladesh or Nepal or Sri Lanka or ethnic minority or Asian and coronary heart disease or ischaemic heart disease or cardiovascular disease or coronary artery disease or myocardial infarction or MI or CHD or CV and frequency or epidemiology or incidence or prevalence. The search was limited to papers published in English. This led to more than 900 references. Third, I scrutinized the reference lists of reports and papers. With one exception only published studies reporting original comparative data were included. The exception, unpublished data from the Of®ce for National Statistics Longitudinal Study, has been included to help interpret earlier published work. A table was developed to summarize the key ®ndings. Data were extracted by me.
Ninety-®ve per cent con®dence intervals and p values are reported as given in the publication or if these are not reported, but relevant information was provided, were calculated when appropriate using the formulae in Statistics with con®dence. 7 Table 2 summarises aspects of the methods of the 19 identi®ed studies conducted over more than 20 years. 8±26 One study was in Scotland, 9 and most were in England with mortality data being from England and Wales.
Results

Methods of reviewed studies
With a few exceptions, 8, 10, 13, 21 the CHD data were extracted from studies with broad aims, and not speci®cally designed to measure CHD frequency. Only one study could potentially provide disease incidence data, that by TunstallPedoe et al., but it reported attack rates, 8 which include recurrences. Most of the subjects of that study were Bangladeshis born abroad, and data were on 40 cases of myocardial infarction. The studies of prevalence were too small for precise measurement of CHD particularly in Indians, Pakistanis and Bangladeshis separately.
Most studies used either names or country of birth as the ethnic identi®er, sometimes with an opportunity of veri®cation face-toface. 9±13 Several measures of heart disease were used to provide case numbers including self reported or Rose questionnaire based angina, characteristic chest pain, self reported and doctors' diagnosis of myocardial infarction or other heart disease (on admission or at death), consultations for circulatory disease, and ECG changes. Inconsistency of measurement of CHD prevents systematic comparisons across studies.
With the exception of the study by Fox and Goldblatt, which used the 1 per cent sample of the 1971 Census to obtain country of birth of both case and population data, 18 mortality studies relied on routine Census data for country of birth of the population at risk and death certi®cates for country of birth of cases. The questions used for country of birth in the two forms are, however, different. Most reported on South Asians as a single group, with the work of Rudat, 11 Nazroo, 12 Bhopal et al., 13 McCormick et al. 17 and Balarajan, 19 and one study by McKeigue and Marmot, 21 being exceptions.
Of the four service utilization studies 14±17 two were on overlapping datasets, 14, 15 based on different analyses. Similarly, mortality studies have utilized the same 22, 23 or overlapping data in different reports.
24±26
Frequency data Incidence Table 3 shows that in the study by Tunstall-Pedoe et al. 8 of mainly Bangladeshi men there was a 30 per cent excess but the 95 per cent CI interval for the standardized attack rate included one.
Prevalence
The ®ve prevalence studies include UK born and overseas born South Asians. 9±13 Of these studies only those by McKeigue et al. 10 and Bhopal et al. 13 had data on self report and ECG. McKeigue et al.'s sample was from industrial work forces and family practitioners' lists in Southall and was mainly Punjabi. 10 On self-report of history of CHD there were no differences between South Asians and Europeans, on ECG evidence about a 37 per cent excess in South Asians. Williams et al.'s sample was identi®ed by a combination of names and screening of the household. CHD was identi®ed from self-report. 9 Ethnic group differences were found in women, not men. Rudat's survey was of a national sample of Indians, Pakistanis and Bangladeshis mainly living in inner city areas. The data for the general (white) population are not directly comparable because of 376 JOURNAL OF PUBLIC HEALTH MEDICINE Table 1 Some epidemiological observations underlying this review
The incidence rate, based on new cases, is the preferred measure of the population risk of a disease Populations with identical disease incidence rates have different mortality rates if survival rate varies; ethnic variations in outcome are plausible Another limitation of mortality data is diagnostic inaccuracy; ethnic variations in diagnostic accuracy are plausible Prevalence is in¯uenced both by the incidence and by the duration of disease, which may differ between ethnic groups
The PMR is the number of deaths from a particular cause divided by the number of deaths from all (or selected) causes, so PMR for CHD differs between ethnic groups because they have different mortality patterns Ethnic variations in rates are valid only if assignment of ethnic group in case data is comparable with that in denominator data
In the United Kingdom, ethnic group was identi®ed in the 1991 Census, and (incompletely) in hospital statistics since April 1995; death certi®cates, however, record only place of birth, meaning that death rates by ethnic group cannot be calculated Inconsistency in recording birthplace at Census and on the death certi®cate prevents accurate analysis of data on Indians, Pakistanis and Bangladeshis Country of birth analysis includes Europeans born in South Asia but excludes the large South Asian population in Britain born in the United Kingdom
The calculation of reliable disease rates requires a well-de®ned case de®nition applicable across ethnic groups and the facilities to make accurate diagnosis of the disease equitably across groups Census data may be unreliable for several reasons including undercounts of mobile inner city populations, where ethnic minority groups are overrepresented Immigrants who do not have rights of residence (including visitors) are not included in published Census statistics, but are included in counts of deaths differences in sampling. In self-reported heart disease Indians had a lower prevalence than Bangladeshis. 11 Nazroo's study, of a representative national sample providing self-report data on heart disease, 12 showed that whereas Indian and African Asian groups combined had a lower prevalence ratio for diagnosed angina or heart attack than the white population, Pakistani and Bangladeshis combined had a higher one. Adjusted prevalence ratios (misnamed relative risks in the book) accounting for standard of living in Indian and African Asians were 0.67, and in Pakistanis and Bangladeshis 1.24.
Bhopal et al.'s study was geographically based, and considered a representative sample of Indians, Pakistanis and Bangladeshis. 13 On self-report and ECG South Asians had a higher prevalence of CHD. There was some evidence suggestive of differences between Indians, Pakistanis and Bangladeshis in disease prevalence (heterogeneity in risk factor pro®les was stark 13 ).
Service utilization
Cruickshank et al.
14 reported no differences of note, whereas Beevers and Cruickshank 15 showed South Asian women, but not men, had a higher rate of admission than Europeans (con®dence intervals not given). Donaldson and Taylor's study used a proportional morbidity ratio to calculate odds ratios, which were raised for acute myocardial infarction. 16 McCormick et al.'s study was based on general practices that had 2 per cent of their population from ethnic minority populations, in contrast to that of 6 per cent in the United Kingdom. 17 They found a higher consultation rate for circulatory diseases in Indian men, and in Pakistani or Bangladeshi men under 65 years, but a lower rate in Pakistani or Bangladeshi men over 65 years. Indian women of 16±64 years showed a small excess, whereas Pakistani or Bangladeshi women had a substantially reduced consultation ratio. In every analysis the 95 per cent con®dence interval included 100.
Mortality
Studies on mortality 18±26 were based on country of birth. The cohort study by Fox and Goldblatt was unique in showing a comparatively low standardized mortality ratio (SMR) in those born in the Indian subcontinent. 18 Subsequent analyses for the period 1971±1989, hitherto unpublished, have shown an SMR of 124 in men aged 20±69 years, but an SMR of 70 in men aged more than 70 years, and an overall SMR of 112 (S. Harding, Of®ce for National Statistics, personal communication, 1998).
Other studies of cross-sectional design based around the Censuses of 1971, 1981 and 1991 have shown an excess in the SMR for South Asians. These excesses have varied. In Marmot et al.'s analysis around the 1971 Census the excess was 15 per cent in men and women. 20 Indian subcontinent born people with Indian names had a proportional mortality ratio (PMR) of 119. 20 In the work by both Marmot 19 Balarajan and Bulusu compared mortality patterns for 1970±1972 with those for 1978±1983, suggesting that inequalities in mortality from circulatory diseases had widened over the decade. 22, 23 Using mortality data for 1978±1983, they showed a substantial excess in South Asians aged 20±69 years but a small excess in those aged 70 years or more.
Based around the 1991 Census data, Harding and Maxwell, 25 Wild and McKeigue 26 and Balarajan 24 reported SMRs of around 140±150 in men. Harding and Maxwell demonstrated that manual workers had higher CHD mortality than nonmanual ones, 25 in contrast to Marmot et al., who showed no such social class gradient. 20 
Heterogeneity across South Asian groups
Balarajan et al. in their 1984 paper classi®ed Indians as Gujaratis, Punjabis, Bangladeshis and Pakistanis on the basis of name. 19 The validity of this method was not reported. Some variation among these groups was suggested by the data. McKeigue and Marmot's 1988 paper reported substantial variation in SMRs in Gujaratis, Punjabis, Bangladeshis and Pakistanis, particularly in women, but they interpreted their ®ndings as demonstrating a shared susceptibility to CHD in all South Asian groups. 21 In Balarajan's analysis based on the 1991 Census and mortality in 1988±1992, using directly agestandardized rates the excesses were 37 per cent, 42 per cent and 47 per cent in people born in India, Pakistan and Bangladesh, respectively. 24 Rudat showed Bangladeshis as reporting a higher prevalence of CHD than Indians and Pakistanis. 11 Nazroo combined Pakistanis and Bangladeshis and demonstrated they had substantially higher reported heart disease than Indian and African Asians combined. 12 Bhopal et al. 13 showed huge variation among Indians, Pakistanis and Bangladeshis in coronary risk factor pro®les and a suggestion that disease risk varies too.
Conclusions
The belief that South Asians have a high rate of CHD in the face of low prevalence of risk factors, mainly based on UK research, has spurred research effort world-wide, and is a recognized public health conundrum. The quality of the UK evidence in support of the belief is, however, surprisingly weak. This review is limited to the UK literature but there are studies from other places including Canada, Singapore, the Caribbean, South Africa and the Indian subcontinent. A further systematic review (with Mr N. Ahmed) is under way. Preliminary observations show a heterogeneity of methods, and valid comparisons with UK data are unlikely to be possible. CHD, coronary heart disease; CVS, cardiovascular disease; PMR, proportional mortality ratio; MI, myocardial infarction; SMR, standardized mortality ratio; N/A, not applicable; NS, not statistically signi®cant; CI, con®dence interval; NG, not given.
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Published studies of CHD in South Asians have important limitations in the validity of the classi®cations capturing South Asian identity, the accuracy of data, and the possibility of observer and selection biases. 27, 28 Unpublished (grey) literature that may have been omitted in this review, if any, is likely to share these limitations. In the United Kingdom, ethnic identity was identi®ed in the 1991 Census. Death certi®cates, however, record only place of birth. Mortality studies, therefore, identify South Asians by country of birth (India, Pakistan or Bangladesh). Inconsistency in recording of birthplace at Census and death has inhibited the separate analysis of data on Indians, Pakistanis and Bangladeshis. 20 Country of birth analysis includes Europeans born in South Asia but excludes South Asians born elsewhere, including the United Kingdom. The accuracy of population-at-risk data obtained from Censuses has seldom been questioned, although ethnic minority groups are mobile populations living mostly in the inner city, that are dif®cult to count accurately. Immigrants who do not have rights of residence, such as visitors, are not included in published statistics of population size but are included in counts of deaths. British residents dying abroad are not included in deaths. The effect of such problems on the validity of mortality statistics needs to be scrutinized.
The clinical manifestations of CHD are varied and include angina, myocardial infarction, dysrhythmias, heart failure and sudden death. Patel et al.'s study from Southall (excluded from the table as it had no comparison group) shows how the prevalence of CHD varies with the measure used and questions the validity of the usual measures of CHD in South Asians. 29 The cross-cultural validity of standard measures of CHD needs checking.
There is no direct evidence that South Asians have a higher incidence of CHD than expected. We cannot infer that the incidence of CHD is higher from prevalence studies. McKeigue's data on ECG abnormalities in South Asians in Southall and Bhopal et al.'s ®ndings in Newcastle gave strong support to self-report data from several studies indicating that there is a higher prevalence of CHD among South Asians. 10, 13 Prevalence data indicate heterogeneity within South Asian populations. The reports by Rudat 11 and Nazroo 12 point out Bangladeshis, and Bangladeshis or Pakistanis, respectively, as having a comparatively high prevalence, with Indians on a par with or having a lower prevalence than in whites. Nazroo wrote: In fact, a careful inspection of earlier work ... also suggests that there may be important differences between South Asian subgroups for coronary heart disease.' 12 (Indeed, mortality data do show variations, 19, 21, 23 which have been largely overlooked.)
Service utilization studies have given inconsistent results, with differences between South Asian men and women, and among South Asians at different ages. 14±17 Cruickshank et al.
14 and Beevers and Cruickshank 15 used overlapping datasets for men so it is unsurprising that the ®ndings were similar. Three studies on admissions to coronary care units, not included in the tables for methodological reasons, support the data in part C of Table 3 . 29±31 Padhani and Dandona claimed Asians had ®ve times the admission rate to a coronary care unit for acute myocardial infarction as non-Asians, but the study was small and the quality of data not clear. 32 Hughes et al. 30 reported a relative risk of admission to a coronary care unit of 4.9 in Asian compared with white patients. The numerator data related to 1985±1987 and the denominator to 1981. Wilkinson et al. 31 estimated the admission rate to a coronary care unit to be twice as high in South Asian compared with white patients. There were problems in de®ning catchment populations and in the de®nition of the racial grouping. 31 Overall, service utilization data are unconvincing in making a case for high CHD rates in South Asians.
Mortality data provide a ®rst step in comparing different groups of people. In Britain, the absence of an ethnic code on the death certi®cate encourages researchers to use country of birth, an increasingly unsatisfactory substitute for ethnicity. That said, the published mortality data are consistent, with the exception of the work of Fox and Goldblatt, 18 which is, however, the methodologically soundest study. The consistency of ®ndings has been exaggerated by the publication of the same, or similar, datasets sometimes using different analytic techniques. Balarajan's 1990 and 1991 reports were on the same data, 22, 23 and the studies by Balarajan, 24 Harding and Maxwell 25 and Wild and McKeigue 26 were on overlapping data.
Until incidence studies are carried out it is advisable to consider quantitative estimates of excess risk as imprecise. A large-scale UK-wide cohort study is now required, and standardized methods will be the key to making comparable measures. The evidence con®rms that CHD is an important disease in South Asians, but it questions whether the high risk is common to Indians, Pakistanis and Bangladeshis. That the South Asian population is heterogeneous has often been stated but the warning has seldom been acted upon in the context of CHD and continues to be unheeded. The Newcastle Heart Project has shown important differences between Indians, Pakistanis and Bangladeshis in the pattern of coronary risk factors. 13 Future research must separate the various subgroups of South Asians. Comparisons of ethnic minority groups against the whole population (which, of course, includes the ethnic minorities under study) are blunter than comparisons with speci®ed populations. The use of carefully chosen comparison populations, not necessarily white, would sharpen up ethnic variations. Future studies should also give more attention to CHD in South Asian women. So much methodological variation prevents making sense, collectively, of the data summarized. Future studies should be planned to permit pooling of data to allow a stronger systematic review. 33 
Key messages
The heterogeneity of methods and populations is so great that combining data from different studies is not possible.
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Most data on CHD frequency in South Asians are based on birth in the Indian subcontinent, whereas nearly 50 per cent are born in the United Kingdom.
Many studies have not reported on women.
CHD incidence in South Asians is unknown.
Mortality data, based on country of birth, provide an unequivocal picture of an excess of CHD in South Asians; morbidity data, usually not based on country of birth, an equivocal one.
CHD in South Asian communities is a dominant cause of death and disability and probably commoner than in the population as a whole, but the precise size of the excess is not known.
Data suggest that Indian, Pakistani and Bangladeshi populations have different CHD risk, yet most researchers have combined South Asians as one group.
A footnote on terminology relating to ethnicity
There is no consensus on appropriate terms for the scienti®c study of health by ethnicity, and published guidelines are yet to be widely adopted. 34 I have followed general conventions used in the United Kingdom and, whenever appropriate, the terminology used by the original authors. For example, in the United Kingdom the term ethnic minority group refers to minority populations not of European origin and characterized by their non-white status. The term South Asian refers to populations originating from the Indian subcontinent: effectively, India, Pakistan, Bangladesh and Sri Lanka. White is the term currently in practice to describe people with European ancestral origins. By ethnicity I mean the group a person belongs to as a result of a mix of cultural factors including language, diet, religion and ancestry.
